IAN GASS had two major claims to scientific fame. As a geologist, his early work on the Troodos Complex in Cyprus played an important part in the development of seafloor spreading theory and the understanding of the nature of the oceanic crust. With MassonSmith, he was the first to suggest that the ultramafic rocks forming the lower part of the sequence were originally a part of the earth's mantle and, later, that the complex, including the pillow lavas, represents a section through oceanic crust and its underlying mantle. Troodos became a model for 'obducted' oceanic crust and mantle, that is to say slices of oceanic rocks thrust up to higher levels during plate collisions, now preserved at the continental surface, and recognized in many other parts of the globe. His second claim results from his appointment in 1969 as the Foundation Professor of Earth Sciences at the Open University. His department rapidly became a research centre with a first-class international reputation in research as a result of his firm direction and the efforts of the wellequipped staff afid research-workers on site. The teaching methods developed, moreover, inspired a veritable host of enthusiastic students. The Open University owes much to Ian, for his early demonstration that it could compete in academic excellence with conventional universities. At the time of his death, Gass had been at the Open University for 23 years and was held in extraordinary reverence by his colleagues and former students.
Royal Grammar School, and then at the Free Grammar School of King James in Almondbury.
He joined the Royal Navy in 1944, and trained as a fleet air arm pilot in the United States. He regarded it as 'unfortunate' that the war ended before training was complete. He and his fellow trainees were given a choice of other units to join, and Ian opted for the Royal Army Service Corps. He was posted to Malaya where, although a soldier, his Naval background was not entirely wasted. He spent two happy years navigating an LST (landing ship, tank) up and down the coast delivering supplies to the garrisons. During this period, a chance encounter with two Shell geologists persuaded him that geology should be his career.
U n d e r g r a d u a t e t r a in in g
After demobilization with the rank of Captain, he enlisted as an undergraduate at University College, London. Stephen Morel writes 'At the end of the first year he did not do well enough in his examinations and Professor Hollingworth failed him. I was appalled as I had already recognized his ability and although only a second-year student myself, went to see Hollingworth to try to get him to change his mind. He refused, but many years later admitted to me that he had misjudged Ian's ability and had made a mistake in rejecting him. It was fortunate for Ian in retrospect because he then applied to Leeds where he came under Kennedy's influence. ' W.Q. Kennedy F.R.S. was, perhaps, the most inspiring British geologist of his generation. He had just taken the Chair in Leeds having moved from the Geological Survey in Edinburgh, and the department was about to embark on a great period of post-war development and expansion under his guidance. Ian entered the department in 1948, and it was shortly after this that I first met him. In the summer of 1950, the Department's mineralogist, Jack Hartley, with his friend Arthur Kingsbury of the University Museum in Oxford, decided to go mineral collecting in the Lake District. Jack was building up a library of X-ray powder photographs which were to be used eventually to identify all minerals known to man. These two were natural historians of the deepest dye, and apart from the powder photographs, their aim was to catalogue the occurrences in Great Britain of all the most rare minerals. They were especially proud if they could record th identification of a particular mineral in their chosen area. Transport for their expedition was a problem, so Ian was recruited as chauffeur, being an undergraduate who actually owned a car. I, as a schoolboy (my father was a friend of Kennedy's), was allowed to occupy the fourth seat. Ian later carried out his undergraduate mapping project at Gamblesby in Cumberland, and graduated with his B.Sc. in 1952.
T h e S u d a n s u r v e y Ian's first job after graduation was with the Geological Survey of the Sudan, where he was to spend three years. His duties included the regional mapping of the Dunganab sheet, site investigation of the Blue Nile dam site at Rosieres, and the investigation of a gold mine at Wadi Haifa. His first professional geological experiences were thus of Upper Proterozoic basement complex rocks, later to be included in the Pan-African 'thermo-tectonic event' by Kennedy, indeed one of the latter's most notable contributions to science. In later years Ian was, however, unwelcome in the Sudan, having committed the crime of writing a report saying, correctly, that there was no oil in the country. In 1964, he and I were on our way back from Aden, and landed to refuel at Khartoum in the middle of the night. Ian refused to leave the plane while the rest of us went into the airport building for a cold beer. He explained that a certain gentleman had promised to have him shot if he ever set foot on Sudanese soil again. However, he maintained a keen interest in the geology of the Sudan, and many years later supervised a number of Sudanese graduate students at the Open University.
When the Sudan became independent in 1955, Ian was made redundant, and returned to Leeds for a brief period, during which he married Mary Pearce, from a farming family at Bamford, near Rochdale, who had been a fellow undergraduate, reading English. At this time, he also wrote up his Dunganab work for an M.Sc., which was awarded later that year. This was the same year that Kennedy had persuaded Sir Ernest Oppenheimer of the Anglo-American Corporation in South Africa to fund a research institute in Leeds to study African geology. Perhaps Ian might have joined it. It did indeed turn out to be something of a success.
C y p r u s
In August 1955, however, Ian embarked on perhaps the most formative period of his scientific life by joining the Cyprus Geological Survey, then under the Colonial Office, where he was to remain for five years. It was here he started work on the Troodos ophiolite complex which was subsequently to play a major role in the development of the seafloor spreading hypothesis and our knowledge of the oceanic crust. But it was also a tense period because of the rise of the EOKA campaign, which especially from 1957 to 1959 made field mapping particularly dangerous. The geologists were armed, though it is said that Ian's pistol was carried unloaded. Difficulties arose when Ian was required to pass an exam in Greek in order to receive a pay increment. Visits to a Greek tutor were regarded as too unsafe once it was established that they took place at a regular time. Eventually he took an exam in Turkish instead. Stephen Morel records the pleasures of comparing notes with Ian during this difficult period, when they were both working on the sheeted dyke complex (see below), and of his enjoyment of Ian's 'comic and blunt north country humour'. According to Ian, EOKA were notified by the chief clerk of the Survey every day, of where the geologists were likely to be carrying out field work, so that in due course they could be eliminated whenever they required another victim. Miraculously, all Ian's geological companions survived until Cypriot independence in 1960. Ian's daughter, Katherine, was born in Cyprus in 1958.
In Cyprus, Ian belonged to a team of geologists including Stanley Bagnall, David Burdon, Lionel Bear, Stephen Morel, and Robert Wilson, under the direction of Frank Ingham. Much of the mapping of Troodos was carried out on the very detailed scale of 1:5000. Ian worked particularly on the north-eastern segment of the complex, in the Dhali area, and also on the Akamas Peninsula in western Cyprus. There was, undoubtedly, a great collective effort by the geologists of the Cyprus Survey in unravelling the secrets of Troodos but it was primarily Ian who masterminded the drawing of world-attention to it, perhaps because of all the members of the survey team he was the only one who subsequently finished up in the academic environment. The team was dispersed after the civil war of 1959, which led to Cypriot independence, and all the British geologists found themselves out of a job. Ian returned to Leeds in February 1960 to start work on his Ph.D. thesis: T h e petrography, structure, and evolution of the Troodos Massif, Cyprus', the degree being awarded later that year.
At this point,the geology of Troodos was comparatively well-known. The massif consisted of a lower sequence of peridotites, overlain by gabbros, and then by the 'sheeted dyke complex'. It was recognized that the latter was a unit made by repeated upward injections of basaltic magma, with each sheet typically being emplaced along the centre of the previous one. Above the dyke complex, lie pillow lavas, extruded in a considerable depth of water. The significance of these observations was, however, yet to emerge. Troodos was waiting, one might say on cue, for the dramatic events of the early 1960s when papers by Hess (1962), and Vine & Matthews (1963) introduced the idea of seafloor spreading, which, coupled with subduction, provided a solution to the continental drift problem and ushered in the era of plate tectonics.
The interpretation of the sheeted dyke complex as a zone of repeated injection had not been easy, because it was geologically a completely unfamiliar idea. The complex was originally interpreted as a sequence of extrusive lava flows which had been tilted into a sub vertical position and isoclinally folded. However the idea of an injection complex was developed by later survey geologists, especially Wilson (1959) , although Gass in 1958 (3)* recorded that there were still some differences of opinion about its origin at that time. Moores & Vine (1971) , writing of Wilson's memoir, commented later that 'he was conceptually very near to the idea of seafloor spreading, but did not relate it to the development of ocean basins.' ' -published in 1963 (8) . I thought this one of the most interesting papers I had ever read. In it, Gass & Masson-Smith proposed, on the basis of the very large positive gravity anomaly, that the peridotites of Troodos represented the top of the Upper Mantle which had been brought to the surface by overthrusting -the process now known as obduction. The idea that there were places on the earth's surface where the mantle was exposed was one of complete novelty.
However, just as importantly, as it transpired, in this paper the detailed arguments for the multiple-injection origin of the sheeted dyke complex were again laid out, and it was ascribed to a regime of east-west tension that was dominant throughout the evolution of the massif. The latter was regarded as having formed as a volcanic pile in an oceanic region between the then more widely separated African and Eurasian land-masses. The authors were getting very close to the solution.
The timing of this paper was interesting. It was submitted in May 1962, at which point the vital papers on seafloor spreading by Hess (1962) and Vine & Matthews (1963) had not yet been published. *Numbers in parenthesis refer to entries in the bibliography at the end of the text.
L e e d s By October 1961 Ian was back in Leeds having been offered a lectureships in petrology by Kennedy, a post which he held for the next eight years, later as senior lecturer. A new interest now emerged -the study of young volcanoes. The eruption of Tristan da Cunha just before Christmas in 1961 was a dramatic event, resulting eventually in the evacuation of the inhabitants. The erupted lava flow, although only small, came from a vent practically on the coast-line of the island, wiping out its only industry, the crayfish-canning factory. In January-M arch 1962, Ian led a Royal Society expedition to Tristan to investigate the eruption. The members were P.E. Baker, P.G. Harris, and R.W. Le Maitre. For an oceanic island, the rocks of Tristan da Cunha are abnormally potassium-rich, and a mineralogical oddity was discovered -the first occurrence of the rare mineral leucite in an oceanic environment. In 1963, Ian became a member of the Royal Society Volcanology sub committee, subsequently chairing it from 1971 to 1979. He pursued his interest in volcanism by organizing a second Royal Society expedition, this time to South Arabia and the Red Sea, and including D.I.J. Mallick and me. This expedition, much aided by the Royal Navy, the Army, and the Air Force, covered an enormous amount of ground. Along the south Arabian coast, at that time in the Aden Protectorate (afterwards South Yemen, now Yemen), the volcanoes of Perim, Jebel Umm Birka, Jebel Khariz, Ras Imran, Little Aden, and Aden, were all mapped, as well as the western part of the Shuqra volcanic field. At sea, courtesy of HMS Owen, the islands of Jebel At Teir, and the Zubayir and Hanish-Zukur groups were comprehensively sampled. The stokers from the ship were sometimes given a day off to accompany us in the field, remarking that it was much cooler than in the boiler room. It was actually very warm in the Red Sea. Fortunately, HMS Owen, which had been doing a survey down round Aldabra, on calling in at Aden had stocked up with a pile of 16 mm movies and numerous barrels of beer. The evenings were spent watching James Bond under an awning on the deck, while the wardroom waiter replenished the beer, which had to be drunk very rapidly or else it would have evaporated. Eventually, more than a thousand rock samples were brought back, and a stream of papers ensued, over a period which stretched from 1965 to as recently as 1994. Apart from its contribution to regional volcanic geology, one of the most interesting things to come out of these studies was the discovery of the remarkable caldera sequences in the South Arabian volcanoes. These represent the eruptions, neatly preserved in inverse sequence, of compositionally zoned magma chambers, caught in the act of undergoing fractional crystallization. They are perfect natural laboratories, on which detailed work is continuing.
As a worker in colonial territories, Ian's life had been dogged by independence movements (he had after all lost two jobs) but, in Aden, we were lucky. When we were mapping Aden itself, staying in the R.A.F. mess at Khormaksar, our friends the Hunter pilots were spending their days attacking the 'rebels' in the Radfan mountains to the north. At Shuqra we worked with an armed detachment of the National Guard in attendance. The revolution, however, did not reach Aden until about a year later, at which point Colonel Mitchell ('Mad Mitch' of Korean fame) and the Argyle and Sutherland Highlanders bore the brunt, but in 1964 the military authorities were nevertheless edgy. Aden is criss-crossed by deep vertical-sided ditches dug in bedrock as defences by the Turks in the 18th century. They were extremely difficult to get across, but Ian and Don Mallick achieved it one day south of Khormaksar, accidentally entered a restricted area and finished up under arrest by the Military Police. Later, when the troubles created by the Front for the Liberation of South Yemen (FLOSY) reached Aden, it was interesting, if sad, to hear the news bulletins about what had happened in Crater City that day, and follow the action on our new 6" geological map.
During the 1960s, Ian made visits to Saudi Arabia, Ethiopia, and Egypt, mostly to study the Upper Proterozoic basement rocks. He made a crucial contribution to the understanding of how the earth's continental crust has formed, by interpreting the Arabian Shield as generated by the accretion of a series of intra-oceanic island arcs onto the eastern margin of the Lower Proterozoic Nile Craton. His findings were published in 1970 in the Festschrift that he and Tom (T.N.) Clifford edited to mark the retirement of Kennedy in 1967. He had begun to develop an interest in geological issues on the broadest of scales, as exemplified by his paper with A.R. McBirney in 1967 on the relations of oceanic volcanic rocks to mid ocean rises and heat flow. At about this time the 'revolution in the earth sciences' (the establishment of plate tectonic theory) was nearing completion. The significance of the magnetic record preserved in newly generated seafloor basalts was established. The geometry of plate movements was understood, and lead to the prediction of the senses of relative crustal movement on various plate boundaries, constructional (mid-ocean ridges), destructional (subduction zones associated with island arcs and mountain chains on continental margins), and transform (side-ways movements). The newly developed seismological technique of first-motion studies was able to determine relative directions of displacement during the fault movements that generate earthquakes. They fitted the predictions, and it was an eccentric soul who did not accept plate tectonics and seafloor spreading, the solution to the continental drift problem, after that. However, the details of the processes that happen at mid-ocean ridges, that is, how new sea floor is actually constructed, did not emerge from geophysics. It needed a geological input, of which Ian's three-page Nature paper in 1968 (20) -'Is the Troodos massif of Cyprus a fragment of Mesozoic ocean floor?' was the first example. In the introduction he argued that although there was a wealth of indirect evidence relating to the origins of the ocean floor 'what is really needed is a sub aerial exposure of ocean crust'. He went on to demonstrate unequivocally that the Troodos massif had all the requisites to fit the existing geophysical data perfectly. This paper, and the one with Masson-Smith mentioned above, I regard as the great scientific achievements of his early career. In 1969 a discussion meeting on ocean floor rocks, organized by Sir Edward Bullard, J.R. Cann, and D.H. Matthews, was held at the Royal Society. At this, Moores & Vine (1971) produced the definitive assessment of Troodos, and other ophiolites, building on the work of Ian and his survey colleagues. Much later, Robertson & Xenophontos (1993) referred to Gass's 1968 paper as 'a milestone that was to influence much of the later research on Cyprus'. And of course Troodos continued to influence ophiolite studies on a world wide scale.
T h e O p e n U n i v e r s i t y
The Open University, the brain-child of the Labour government of the day, was to provide degree courses for large numbers of part-time, non-resident, students, utilizing a combination of correspondence courses, television broadcasts, and summer schools. Ian was appointed as its first Professor of Earth Sciences in April 1969. Life was hard for the first few years. The administration had prudently occupied the elegant Walton Hall at the centre of the Milton Keynes site, but elsewhere the campus was a sea of mud, traversed by cat-walks between various huts (such as were occupied by Earth Sciences) and building sites.
Ian threw himself with typical energy into the design of a novel course for the massteaching of geology, and into the assembly of his teaching team. In February 1970 he appointed John Holbrook as Chief Technician, and together they created the materials for teaching practical geology to up to a thousand students by post. This involved thousands of thin sections of rocks, hand specimens of rocks, and surprisingly realistic plaster casts of fossils. Idealized crystal models were also produced as casts. Accompanying each package was the ingenious, collapsible, Macarthur polarizing microscope. The written materials required for the Science Foundation Course (Earth Sciences, Physics, Chemistry, and Biology) were delivered on time in 1971, and the first summer schools took place in Leeds in 1972. Ian at this time had also to come to terms with television as a teaching medium. Although, as Norman Butcher said in The Times, 'his love/hate relationship with the BBC became legendary', he developed a very effective presentational style, and for example, his programme on the Central Igneous Complex of Skye won major awards.
Remarkably soon after the foundation of the Open University, Ian, with his colleagues Peter Smith and Chris Wilson, embarked on an additional ambitious project. Between March and December 1970, they persuaded numerous friends to contribute to a book which was to serve as general background reading for the OU students. Under their editorship this appeared as Understanding the Earth in 1971, and proved to be probably the best-selling geological text ever. The different chapters provided a comprehensive coverage of the earth sciences immediately after the plate-tectonic revolution, the first text to do so. Additionally, the level it was pitched at was ideal for first year students and, because the OU had a large captive audience, the first print run was much larger than normal for earth science books, so that the resultant was very competitively priced. More than 20 years later, this is still an exceptionally useful introductory text, and it must have contributed significantly to outside awareness of the existence and aims of the Open University.
Ian's other main preoccupation was establishing the department as a research centre of excellence, an idea which some regarded as eccentric in the OU context. He was indefatigable in cajoling and bullying the administration for the necessary funds for equipment, staff, and accommodation. It is said, that when hopes of a permanent building seemed in vain, he drafted a letter, which he showed to the Vice Chancellor, Walter (later Lord) Perry, proposing that all the Earth Sciences staff should move to the University of British Columbia, which was setting up a new department. A few days later the Earth Science Department was allocated a building. Though he had a reputation as the scourge of administrators, there nevertheless seemed to be a strong rapport between him and his Vice Chancellor.
Because of Ian's interests, the research programmes developed were somewhat weighted towards petrology and geochemistry, for example leading to the establishment of the radiogenic isotopes facility in the late 1970s. This rapidly achieved an international reputation, aiding the impression that by that time Earth Sciences had become one of the leading departments of the OU. Not long afterwards, a South African colleague (who was a particularly liberally inclined man) enquired of me the best place to spend a sabbatical year in the U.K. for the study of the isotope geochemistry of volcanic rocks. I thought about this for some time, and advised him that the Open University had the best laboratories for such research. He applied, only to be informed that the university had an official policy of refusing to accept South African visitors, as part of its anti-apartheid stance. Evidently the OU had not forgotten its good Socialist roots. Ian however was rather of the opinion that this sort of South African needed to be encouraged rather than boycotted. His solution was typical. He invited the visitor all the same, and the latter stayed in the lab 'unofficially' for his year's leave. The period 1969-1982 saw Ian Gass's second great achievement, the creation from scratch of one of the country's premier departments of Earth Science.
In 1982, Ian moved into a personal chair in order to have more time for research, the headship of the department passing to Geoff Brown. Since coming to the Open University, Ian had continued to work on topics as diverse as the tectonics of the Red Sea, heat-flow, vulcanism, the basement rocks of the Afro-Arabian dome, the economic geology of chromite deposits, and, of course, many other aspects of ophiolites. He carried on working in Cyprus but extended his interests with a massive interdisciplinary project on the Oman Ophiolite. The main results appeared as a memoir of the Geological Society (co-authored by S.J. Lippard and A.W. Shelton) in 1986 (82). The OU department also became noted for its vulcanological studies, which was however to have tragic consequences. Geoff Brown was later to deliver the address at Ian's funeral but was killed in a volcanic eruption shortly afterwards.
By this time Ian's health was deteriorating. In 1981, he had required a heart by-pass operation. This did not prevent him later taking part in a traverse, organized by the Academia Sinica and the Royal Society, through southern Tibet and the Himalayas from Lhasa to Katmandu. He suffered so strongly from the effects of altitude that for days he could not eat or sleep. But he was, for example, willing to spend a couple of hours ascending one small hill. This was typical of the man. Unhappily, a stroke followed in 1987, leaving him with a severe speech-impediment, which with characteristic toughness he gradually overcame. He was soon back at work, and shortly before his death was still working on a memoir on Cyprus (93), which was published in 1994. One of his last accomplishments was to write the preface for a new edition of Understanding the Earth, published in October 1992.
Ian Gass led a vigorous life, serving science in many capacities. He was chairman of the Volcanic Studies Group of the Geological Society of London (1972 London ( -1975 , President of Section C, Geology, British Association for the Advancement of Science (1980) , and President of the International Association for Volcanology and the Chemistry of the Earth's Interior (1983) (1984) (1985) (1986) (1987) . However, the organization with which many will associate him was the Open University Geological Society of which he became the first president in 1972. This most remarkable of all student geological societies has a vast membership of past and present students who held Ian in deep affection. Robert Shackleton writes '... one of the most important features in the success of the OU Department of Earth Sciences was the fact that all the members of it, students, technicians, lecturers, professors, were on Christian name terms. I assume, though I have no proof, that this was Ian's doing. He certainly had a very close relationship with everyone there ...'.
Ian received many honours, including the Geological Society of London's Prestwich Medal (1979) and Murchison Medal (1988) . He was elected to the Royal Society in 1983, serving on Council and as a Vice-President in 1985-6. From 1986 to 1989 he chaired Sectional Committee 5.
He was one of geology's great charismatic characters, by turns irascible, stubborn, amusing, and always striving with deep integrity for the advancement of science . His funeral on 16 October 1992 was attended by over a hundred mourners, most of whom were geologists. All his friends miss him deeply. He is survived by his wife Mary, and children Katherine and Graham.
A c k n o w l e d g e m e n t s I am indebted to many individuals for the information contained in this memoir, principally Mary Gass, Chris Hawkesworth, Stephen Morel, Jane Randle, and Robert Shackleton. I have also drawn freely on obituary notices by Norman Butcher (
The Times) and Tom Clifford (University funeral address by Geoff Brown.
The frontispiece photograph was taken in 1981 and is reproduced with permission of the Open University.
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